Introduction
Recent progress in understanding the different classes of small, noncoding RNAs has led to the discovery of novel gene regulatory mechanisms. This knowledge greatly enhances our ability to decipher the complex molecular networks that control the precise spatial and temporal patterns of gene expression crucial for various aspects of animal development. One class of regulatory RNAs is microRNAs (miRNAs), small RNAs of 22 nucleotides (nt) processed from genome-encoded transcripts of 70-80 nt [1] [2] [3] [4] [5] . The first two miRNAs shown to be involved in the control of developmental timing in Caenorhabditis elegans were lin-4, discovered in 1993 [6] , and the evolutionarily conserved let-7, discovered in 2000 [7] . Since then, hundreds of miRNAs have been cloned from different species, and a dozen or so have been found to regulate several developmental processes by inhibiting translation or destabilizing target mRNAs [8] [9] [10] [11] . Moreover, each miRNA is predicted to target hundreds of mRNAs, suggesting that many protein-coding genes are potentially regulated by this pathway [8] [9] [10] [11] .
Many miRNAs are developmentally regulated and show tissue-specific expression patterns, including dozens expressed only in the nervous system [12] [13] [14] [15] . These miRNAs may play important roles in neuronal development, neuronal function, or both [16, 17] . This review summarizes recent exciting findings about the roles of miRNAs and some miRNA pathway proteins in neuronal development, from early neurogenesis and cell-fate specification to neuronal differentiation and synaptic development of postmitotic neurons. The potential link between the miRNA pathway and human neurological disorders is also discussed.
Dicer in neuronal development
One of the key enzymes in miRNA biogenesis is Dicer, a member of the RNase III family of nucleases that cleave double-stranded RNAs [18] . In the canonical miRNA pathway, primary miRNAs (pri-miRNAs) are mostly transcribed by RNA polymerase II and contain 5 0 cap structures and poly(A) tails. Pri-miRNAs are processed by the RNase III Drosha in the nucleus to produce 70 nt precursor miRNAs (pre-miRNAs) with a hairpin structure [19] which are transported to the cytoplasm by exportin-5 in a Ran-GTP-dependent manner [20] . Dicer is required to cleave pre-miRNAs and generate an 22 nt miRNA duplex that is incorporated into the RNA-induced silencing complex (RISC) [18, 21, 22] . In the absence of Dicer, most, if not all, miRNAs are not produced properly. Besides its functions in many other developmental processes [23] [24] [25] [26] , Dicer is essential for proper brain morphogenesis: maternal-zygotic dicer zebrafish mutant embryos fail to produce mature miRNAs and exhibit gross morphological defects in the nervous system. Remarkably, these defects were largely rescued by injection of microRNA-430 (miR-430) alone [27] . Although this study did not detect any dramatic disruption of major signaling pathways involved in early patterning, subtle defects remain to be examined in detail.
A more informative approach is to remove Dicer activity in specific neuronal cell types. In mice, for instance, deletion of Dicer in postmitotic midbrain dopamine neurons causes a progressive loss of those cells, suggesting an essential role of miRNAs in the differentiation or maintenance of dopamine neurons [28] . A good candidate for this process is miR-133b, which is enriched in midbrain and deficient in patients with Parkinson's disease and in animal models of that disorder. Loss of miR-133b activity seems to increase dopamine release slightly in cell cultures [28] , suggesting a subtle role in dopamine neuron maturation and function.
The essential role of Dicer in the maintenance of the mature nervous system is also demonstrated by the finding that loss of Dicer-1 in Drosophila dramatically enhances neurodegeneration caused by a mutant form of the spinocerebellar ataxia type 3 (SCA3) protein; this effect may be explained, at least in part, by the absence of bantam, an miRNA that prevents apoptosis during development by suppressing the proapoptotic gene hid [29] . Consistent with this notion, selective genetic ablation of Dicer in Purkinje cells leads to cerebellar degeneration and ataxia [30] . Moreover, in miR-8 mutant flies, the increased 
